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nanowires swallowed by human cells provide
new bioelectronic tool
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Drop silicon nanowires and human cells into the same petri dish,

and you’ll see something extraordinary: The cells will eat the

nanowires. Researchers at the University of Chicago recorded

the phenomenon, and reported it Friday in the journal Science

Advances. 

The group aims to harness that knowledge to develop a new

means of drug delivery or bioelectronic therapy. “We want to do

something that is special,” says Bozhi Tian, a materials

scientist at the University of Chicago. “We’re trying to develop a

bioelectronic device that is intracellular” and can control

individual parts of the cell, he says.

Silicon nanowires are biocompatible, highly conductive, and so

thin they are essentially one-dimensional. Inside human cells,

they could potentially be used to do a lot of things. They could

record the electrical communication between structures inside

the cell—signals passed from one organelle to another. They

could electrically stimulate those organelles for therapeutic

purposes.

Or the nanowires could carry small molecule drugs and deliver

them directly to cells, bypassing some of the body’s natural

barriers. The fact that the cells consume the

nanowires naturally, without any kind of special treatment, and

without damaging themselves, makes it that much more useful.

But before Tian’s group can turn the phenomenon into a tool,

they must first understand how exactly a cell will eat a piece of

silicon nanowire, and what happens to it once it’s inside the cell.

That’s what the group did in today’s report.

Using both an electron microscope and a specialized optical

imaging tool designed by the team, the group recorded the eating

of the nanowires in detail. It appears that the cell’s outer

membrane folds itself like a pocket, grabs the nanowire, and

envelops it in a membrane-lined bubble. The process is called

phagocytosis; it’s the same method used by immune cells to grab

a bit of bacteria and swallow it up. 
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Once the nanowire is inside, the cell’s machinery then shuttles it

through its system with sudden bursts of speed—up to 99.4

nanometers per second—and deposits it just outside the

cell’s nucleus. Tian’s group made a video of the process

(complete with melodramatic accompaniment).

The specialized tool they designed to observe the cells,

called a scatter-enhanced phase contrast, or SEPC, enabled them

to simultaneously see not only the cellular components, but also

the inorganic nanowires. John Zimmerman, who was a graduate

student in Tian’s lab and is now a postdoc working with Kit

Parker at Harvard, developed the tool. It uses phase contrast

imaging for observing the cell and dark-field imaging for

observing the nanowires. 

Tian’s group observed thousands of nanowire-cell interactions,

mostly in human endothelial cells, which are the cells that line

the interior surface of blood vessels. Endothelial cells are known

to be stubborn about taking in pharmaceutical drugs—they

essentially form a biological barrier along blood vessel walls. But

in Tian’s experiment, the endothelial cells took in 96% of the

nanowires. 

That brings hope that pharmaceutical molecules that normally

couldn’t get into endothelial cells will now have a new route: on

the backs of silicon nanowires. The team also envisions using

the tool like optogenetics, where cells are controlled using

light. “We can imagine having cells internalize light-responsive

nanowires, and then using these properties to influence cell

behavior,” says Zimmerman. 

The tool also gives researchers a way to electrically stimulate

inside a cell in precise ways—a new spin on a decades-old area

of research. Most people working on electrical stimulation are

experimenting with devices that send pulses of electricity to

larger systems in the body—whole nerve circuits, for example.

The most advanced groups are targeting a narrower set of nerve

fibers within a nerve. Tian’s approach would mean stimulating in

even more precise ways, by sending electrical pulses to

particular organelles within a cell. 

There are a number matters to address before those applications

can be realized. For example, in addition to endothelial

cells, Tian’s team tried the experiment in smooth muscle cells,

neurons and cardiac cells. The latter two cell types rejected the

nanowires, largely because they don’t have the phagocytosis

mechanism that endothelial cells do. But with some surface

modifications, those cells might also capable of swallowing

nanowires, Tian says. 

Adds Zimmerman: “While we still have a ways to go...by

understanding how cells ‘eat’ these nanowires, we can really

start to think of how we can actually make these applications a

reality.”
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INOVIO’S ELECTRICAL
DEVICE ZAPS A COVIDJ19
VACCINE INTO THE BODY
Can a handheld gadget usher in a new era of vaccines?
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It took a global pandemic to accomplish one of the most

significant advances in the history of vaccinology: widespread,

commercial deployment of vaccines derived from nucleic acids.

As of this writing, hundreds of millions of people have been

vaccinated against SARS-CoV-2, the virus that causes COVID-

19. And most of those shots have been the Pfizer-BioNTech and

Moderna offerings, which are both of a type known as an mRNA

(messenger RNA) vaccine.

Conceived decades ago but released to the public for the first

time during the pandemic, mRNA vaccines so far are living up to

their promise. Both the Pfizer and Moderna vaccines have

proven to be about 95 percent effective against the novel

coronavirus. In addition, this kind of vaccine can be tweaked

with relative ease to target new variants of a virus, and its

production does not rely on items that can be difficult to

produce quickly in enormous quantities. And yet, a couple of

drawbacks of mRNA vaccines have also been widely noted over

the past six months: They depend on deep-freeze supply chains

and storage, and they can produce significant side effects such

as fever, chills, and muscle aches.
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Image of a person receiving a vaccine via the Cellectra 3PSP device.

IEEE.ORG IEEE XPLORE DIGITAL LIBRARY IEEE STANDARDS MORE SITES SIGN IN JOIN IEEE

Explore by topicType to search

https://spectrum.ieee.org/type/news/
https://spectrum.ieee.org/topic/biomedical/
https://spectrum.ieee.org/human-cells-eat-nanowires
https://spectrum.ieee.org/tag/medical-devices
https://spectrum.ieee.org/tag/university-of-chicago
https://spectrum.ieee.org/tag/cells
https://spectrum.ieee.org/tag/sinws
https://spectrum.ieee.org/tag/silicon-nanowires
https://spectrum.ieee.org/u/emily-waltz
https://spectrum.ieee.org/type/analysis/
https://spectrum.ieee.org/topic/transportation/
https://spectrum.ieee.org/electric-cars
https://spectrum.ieee.org/type/news/
https://spectrum.ieee.org/topic/robotics/
https://spectrum.ieee.org/robot-video-2655205032
https://spectrum.ieee.org/type/opinion/
https://spectrum.ieee.org/topic/energy/
https://spectrum.ieee.org/whatever-happened-to-the-population-bomb
https://spectrum.ieee.org/type/news/
https://spectrum.ieee.org/topic/biomedical/
https://spectrum.ieee.org/type/news/
https://spectrum.ieee.org/topic/biomedical/
https://spectrum.ieee.org/type/interview/
https://spectrum.ieee.org/topic/biomedical/
https://spectrum.ieee.org/type/feature/
https://spectrum.ieee.org/topic/biomedical/
https://spectrum.ieee.org/inovios-electrical-device-zaps-a-covid19-vaccine-into-the-body
https://ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://standards.ieee.org/
https://www.ieee.org/sitemap.html
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=spectrum&signinurl=https%3A%2F%2Fspectrum.ieee.org%2Fcore%2Fsaml%2Fmain%2Flogin%3Fnext_url%3Dhttps%3A%2F%2Fspectrum.ieee.org%2Fcore%2Fintegrations%2Fieee%2Fchanges%3Fredirect%3Dhttps%3A%2F%2Fspectrum.ieee.org%2Fhuman-cells-eat-nanowires&url=https%3A%2F%2Fspectrum.ieee.org%2Fcore%2Fsaml%2Fmain%2Flogin%3Fnext_url%3Dhttps%3A%2F%2Fspectrum.ieee.org%2Fcore%2Fintegrations%2Fieee%2Fchanges%3Fredirect%3Dhttps%3A%2F%2Fspectrum.ieee.org%2Fhuman-cells-eat-nanowires&autoSignin=Y&car=IEEE-Spectrum
https://spectrum.ieee.org/st/join

